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' FIIGHTTEST EVALUNPION OF THE TONGTTUDINAL STABILITY
AND CONTROL CHARACTERISTICS-OF O.5-SCALE MODELS OF
THE FATRCHTID TARK PILOTIESS-ATRORAFT CONFIGURATION .
MODET, WITE WING FLAPS DEFIEC‘IE‘D 150 '
TED No. NACA 2387

By David G. Stone
SUMMARY -

A flight test was conducted at the Flight Test Station of
the Pilotless Alrcraft Reseesrch Division at Wellops Islend, Va.,
to determine the longltudinal control end stability characteristics
of a 0.5-gcale model of the Felrchild Lprk pllotlese aircraft wilth
the horizontel wing flaps deflected 15°. The data were obteined
by the uss of & telemeter and slso by redar tracking. 'The results
show an increase of effectiveness of the longitudinal control in
rroducing normal accelerations up to,a Mach nvmbavr of 0.75 where
this effectiveness graduslly decressed becoming negative at & Mach
number of 0.89. Previous tests with wing flaps undeflected showed
en incresse in effectiveness up to & Mech number of 0.93 where =
sudden loss of control occurred. The model was dynamically steble
throughout ‘the speed range. The data confirmed the drag increese
at the critical Mach number for large angles of- atte.ck es. ind.icated_
in high-speed wind-tunmel tests.

" INTRODUCTION

The NACA was requested by the Buresu of Aeronantics, Nevy
Department, to make flight tests of the Fairchild Lark pilotless-
elrecraft configuration toc evaluate the longitudinael stability
end control characteristics at high subsonic gpreeds in order to
predict the behavior of the full-scale ailrcraft. In order to
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obtain this Information 0.5-scale models, externally geometrically
gimilar to the Fairchild Iark, were conastructed and are to be flown
at the Flight Test Station of the Pllotlesa Alrcraft Research
Division at Wallops Island, Va. This paper covers results of the
Tlight of the second model. The resulis reported herein pertaln
to the longitudinal characteristics of the Falrchild ILark con-
figuration with the horizontal wing flaps deflected down 15°. The
model wag flown with a programmed flicker-type deflectlon of the
rudder elevafcors- This flight test was conducted July 2k, 1946,

SYMBOLS

t time from leunching, seconds
M free-stream Mach number
) free-stream stetic pressure

free~gtream dynsmic pressure
H free-stream total pressure
Cy normal-force coefficient
Ce chord-force coefficlent
W woight of model, pounds
S horizontal wing area, 2.725 square feet
a, longitudinal acceleration, feet per second per second
&y normal acceleration, feet per second per second
e acceleration of gravity, 32.2 feet per second per second
8 deflection of rudder elsvctors, degreea (trailing edge

down is positive)

4 speciflic heat ratio; walue teken, 1.h
Sf deflection of horizontal-wing flaps, degrees
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MODEL: AND APPARATUS

The simplified 0.5-scale model used in this investigation was
externally geometrically similar to the full-scale Iark (KAQ-1} of
the Pilotless Plane Diviegilon of the Falirchild Engine and Alrplane
Corporation. A description of the 0.5~scale Lark models 1s given
in reference 1.

Figure 1 presents a three-view drewing of the model whereas
the genersl specifications of both the model eand full-scale slrcraft
are glven in table I. Photographs of the model and rocket motor
with blast tube are shown in figure 2.

For this flight the rudder-elevators were deflected from
epproximately 0° up to -9° in a progremmed movement to give a
flicker-type operation. This control motion was In operatlon
before the model left the lsuncher and all during the flight.
Figure 3, & tail-view photograph of the model, shows the d.eflected.
control surfaces and the end of the blast tu'be. ,

The model was ground launched without & booster on a zero
length launcher sot at an angle of 1;5 from level. A photograph
of the model on the lsuncher is shown in Figure k. At the time
of the launching, the wind velocity was L miles per hour cross
wind to the launcher. .

The model weight was 127.h pounds fully losded and the .
corresponding center-of-gravity location wes 18.58 percent of-
the wing chord. The modsl weight after burmout of the rocket
motor was §9.9 pounds end the corresponding center-of-gravity
location was 19.81 percent of the wing chord. The moment of
inertlia and the radius of gyration abgut the Y-axis for the
model fully loaded were 8.3 slug-feet” end 1.45 Feet, respec-
tively. Afte 5 burnout the moment of inertie wes epproximately
7.9 slug-feet™ and the redilus of gyration was 1.59 feet.

The date from the flight were obtained by the use of a.
telemeter, CW Doppler rddar; and photography. The four-chammel
telemeter gave continuous signels of the longituiinal acceleration,
normal acceleration, Impact pressure; and the rudder-elevator
position. The impect pressure record from the telemeter wes
reduced to Mach nurber by the followlng equetion:

- r-1 -

i - H
2 1 H - 7
NP:‘)’-l%l-TE) .y
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vhere p was taken as the pressure at sea level at the time of
the test. The model reached an altitude of only sbout 500 feet.
The velocity of sound for the test conditions was 1141 feet per
gecond.

The normal-acceleration factor and the normal-force coeffl-
cient were besed on a linear variztion with time of the wing
loading from the teke-off condition to the burnout condition.

RESULTS AND DISCUSSION

A time history of the flight of a 0.5-ascale model Fairchild
lark with the horizontel-wing flaps deflected 15° is presented in
figure 5. This figure ie a conversion of the telemeter record
into curves of rudder-elevator deflection, Mach number, normel
acceleration, eand longitudinal acceleration against time from
launching. The total elapsed flight time was 9.60 seconds. The
maximum speed sorresponded to & Mach number of 0.92 (rocket
burnout) at a time of 3.70 seconds after launching. The dashed
vart of the Mach number curve wes cbtalned by integretion of the
longitudinai-acceleration curve.

Referring to figure 5, 1t mey be seen that the normml accel-
eration, with the usual short-perlod oscillations, followed the
deflectlion of the rdder-elevators wmtil a Mach number of 0.75
wes reached (t =2.6). With eyvroximately 8.5° up elevator, the
normsl acceleration changed from a positive value of about 20g at
M= 0.79 to a negative value of 5g at M = 0.92. As the speed
decreased from M = 0.92 (t = h.2), the longltudinal control
was graduelly reesteblished. Control was fully restored when
the speed decreesed to M = 0.75 (t £ 5.3). The results show
en increagse of effectiveness of the longitudinal control in
producing normal accelersations up to M = 0.75 where this effec-
tiveness gradunlly decreocsed becoming negetive at M = 0.89.
Previous tests, reference 1, with wilng flaps not deflected, showed
an increese in cffectiveness up to M = 0.93 where a sudden loss
of control occurred. '

The ebility of the rudder-elevators to produce normal accelers-
tion ie shown i.n'filgure 6 as a plot of normal-acceleration
factor | fll,‘—l\g- against Mach number. The accelerations used
\ &8/ \\56-‘  /
to determine the variation of the normel-acceleratiom fector were
obteined by falring out the transient osclllations due to the
ebrupt rudder-elevator deflections. The normal-acceleration factor
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was computed only for up rudder-élevator deflections since .
at &g = 0° -the model was not manéuvering. Also shown on filgure 6
ig the curve of normal-acceleration factors for the flight test

with &p = 00 (reference 1) . The difference between the powsr-on
and power-off curves is probably due to the rapldly changing wvalues
of the slope of the pitching-moment curve &t high 1ift coefficients
in this Mach number reglon as shown in high-speed wind-tunnel tesis
of a 0.25-scals model (reference 2).

the Bp = 0°

mean aerodynsmic chord) and tho different valuss of the slope of

curve and the

8o = 159

The difference between

curve includes:the effects :
of different center-of-gravity locations (approximately 2 percent . -

the pitching-moment curves for high and low 1ift coefficients. In .
order to-obtaln the normal escceleration produced per degree of
rudder-elevator deflection for any degired wing loeding, divide _
the normel-zcceleration factor by this wing losding. For example,
at M = 0,75, the followlng comperisons may be made!
‘ . 0.5-gcale model Full-scale aircraeft
| - e
¢ 5 Center of Center of B
£ w/s gravity an/g w/s gravity en/8.
(deg)| (ib/sq £t) | (percemt |per &g | (1b/sq £t) | (percent |per &g
chord) chord) :
0 38 1] 9 16 161{‘ -0 - 86 110 16 -6’4 . "'O -30
15 36-6 19-81 —1095 J.J—O 19-81 '0165

Referring to figure 6 it may be seen that for M = 0.83 and grester,
the 1lift capabilities are greater without the wing flaps deflected
Flgure T presents the variation of
normal-force coefflicient with Mech nunber for the power-on flight
The maximum value of Cy obtained 1s near the stalled
reglon for the Lark configuraticn as determined from reference 2.

than with a deflection of 15°.

period.

The model in flight exhlbited dynamic stabillty throughout
the gpeed range a8 the short-period osciliations irduced by the
abrupt slevator movements were elways damped as shcown by the normsl-
acceleration curve In figure 5.

Figure 8 presents curves of chord-force and normal-force
coefficients for the power-off decelerating part of the £flight.
The results of high-speed wind-tunnel teats of a 0.25-scale model



6 C BACA RM No. 14728

(reference 2) show en increase in drag coefficlent et M = 0.75
et high angles of atiack with the wing flaps deflected 15°. At a
corresponding Mach number &s shown in figure 5, the decrease in -
the longitudinal ecceleration at the high normal scceleration
indicaetes the drag increase. Referring to figure 8 the higher
velue of Co above M = 0.75 =as compered to those et lower
values of M also indicates the drag increase. :

CONCLUSTONS

A

The flight test to determine the longitudinal stability
and control characteristics with the horizontal wing flaps
deflected down 15° for the Fairchild Iark pilotless eircraft
was conducted at the Flight Test Station of the Pllotless Alircraft
Research Division at Wallops Island, Va. From the results of this
flight test, the followlng general conclusions are indlcated:

1. Increase of effectlveness of the rudder-elevators as
longlitudinal contrel in producing normal eccelerations up
to M =0.75 where thls effectiveness graduslly decreasged
becoming negative at M = 0.89. Previous tests with wing flaps
undeflected showed an Increase Iin effectiveness up to M = 0.93
where a gsudden loss of conbrol occurred.

2. The model exhibited dynamic sitability throughout the
speed rangs.

3. The decrease in longitudinal acceleration at high normal
accelerations confirms the drag increase for &p = 15° 1in the

vicinlty of M = 0.75 &t large angles of attack asm indicated
In high-apeed wind-tummel tests.

Lengley Memorial Aeronsutical Iaboratory
Natlonal Advisory Committee for Aeronautics

Langley Fleld, Vea. )

David G. Stone
Aeronautical Engineer

A; d: -
pprove /'{g o § L _%_\

o'bert R c-i‘:Lruth
Chief of Pllotless-Aircraft Research Divigion

MET.
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TABIE I.- GENERAT SPECIFICATIONS

Full-scale
t 0.5-acaele model
Ttem alrcraft 2
Fuselsgs:
Over-all length, in. 164 &
Meximum diemster, in. 17 8.5
Wingss
Asgpect ratio 3.49 3.h9
Total span, in. h 37
Chord (constant), in. 21.2 10.6
Angle of incildence, deg o 0
Dihedral, deg ) ¢
Sweep, deg 0 o]
Alrfoll sectlon:
Horizontel wing WACA 16-209 NACA 16-209
Vertical wing NACA 16-009 NACA 16-009
Wing area (per pair including| 10.9 2.725
fuselage), 8q £t
Tail surfaces:
Spen, in. L8 2L
Chord (constent), in. 15.h T.7
Angle of incidence, deg 0 0
Dihedral, deg b5 45
Sweep, deg 0 0
Airfoll section NACA 16-008 | NACA 16-008
Total projected arsa, sq £t 7.25 1.813
Propulsion:
Type rocket Liquid Powder
Approximate thrust, 1b 600 1300
Approximete duration, sec 220 3.7
fTake-off, 18.58
c.g. location, percent chord 20 ;‘:‘B ut, 19.81
Take-of £, 127.Lk
Weight, 1b 1060 wrnout, 99.9
Wing loeding, Ib/sq Tt 110 (Teko-off, 467

Burnout, 36.6

NATTIORAIL ADVISORY
COMMITTEE FOR AERONAUTICS
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Figure 2,- Concluded.
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Figure 3.- Tail-view photograph of a 0.5-scale model Lark.
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Figure 4.-
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launcher.
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Photograph of a 0.5-scale model Lark on
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